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1.0 | NTRODUCTI ON.

1.1 BACKGROUND

This Integrated Term nal Wather System (I TW5) Test and

Eval uation Master Plan (TEMP) |l ays the foundation for the | TW5
test strategy, resources, and inplenentation responsibilities.
The test efforts governed by this TEMP will ensure the | TW5 neets
the system and subsystemrequirenents allocated to the project in
t he NAS-SS-1000, NAS-SR-1000, and FAA- E- XXXX (I TW5 System
Specification). This TEMP further describes the Test and

Eval uation (T&E) conponents for neeting program objectives for
each acquisition phase. The ITWs will follow the procedures for
Operational Test and Evaluation (OT&E) stated in FAA Order
1810.4B. The TEMP format is in accordance wth FAA- STD 024b.

The | TW5S integrates weather data fromterm nal area sensors to
provi de val ue-added, real-tine products that need no

met eorol ogi cal interpretation. |TW5 products will be tailored
for inmmedi ate use by termnal air traffic controllers, traffic
managers, and automated traffic managenent systens. There are
thirty-seven systens planned for depl oynent.

The I TW5S procurenent will neet M ssion Need Statenent (MS)

requi renents by using Commercial -Of-The-Shelf (COTS) hardware
and Governnment Furni shed Equi pnent (GFE) algorithnms for | TWS
product generation. Additionally, the software used by the
Massachusetts Institute of Technol ogy Lincoln Laboratory (M T/LL)
to inplenent the algorithnms will be supplied to the contractor as
Government Furni shed Information (GFl). The | TWS program has
recei ved KDP-3 approval, pending approval of this TEMP.

This TEMP addresses the testing requirenents for the Initial
Operational Capability (10C) of the | TWS program The 1 COC

requi renents are not finalized, and when di screpanci es occur, the
TEMP will identify these areas as To Be Determned (TBD). An
updated TEMP wil|l be devel oped with additional detail as the
program progresses, through KDP-3 and KDP-4, to ensure conpliance
W th program objectives. This TEMP and subsequent versions wl |
be submtted for approval by the Test Policy Review Committee
(TPRC). The results of both Devel opnment Test and Eval uati on
(DT&E) and OT&E testing will be utilized as input for a

depl oynent recommendati on deci si on.

Denonstration/ Validati on (DEMVAL) OT&E t ook place in Dallas/Fort
Wrth and Olando in 1993 and in Menphis and Ol ando in 1994.
Addi tional testing in the operational environment is schedul ed at
the Dallas/Fort Wrth (DFW netroplex for the sumrer of 1995.
These DEMVALs mtigated risk by allow ng the user and test



community to evaluate | TW5 product suitability, useful ness and
nmet eorol ogical validity in an operational environnent and
determ ned the feasibility to proceed to full scal e devel opnent.
The results of the denonstration phase OI&E verified that the
weat her products are acceptable to the user comunity.

Real -time source weather information, interfaces and test data
sets generated by a contractor built Test Data Enmul ator, are

pl anned to be used as input for weather scenarios at first
article sites. OI&E testing is planned to begin in the 1998 tine
frame at the FAA Technical Center and at sinple (e.g. single
airport and single weather radar inputs) and conplex (e.g.

mul tiple airports and nmultiple radar inputs) airports. OT&E is
pl anned to be conpleted during the 1st quarter 1999.

The | TW5 project (CIP 63-21) is a Level | major system
acquisition which will provide coverage for the 45 airports
havi ng Term nal Doppl er Wather Radar (TDWR). Sone of these
airports are supported fromone common Term nal Radar Approach
Control (TRACON) facility or a Metroplex Control Facility (MCF);
therefore, only 34 operational | TW5 processing elenents wll be
required. The | TW5 program has been designated for oversight by
the O fice of Independent Operational Test & Evaluation (I OT&E)
per FAA Order 1810. 1F.

The National Airspace System Change Proposal (NCP) 17331 dated
April 13, 1995 and the Operational Requirenents Docunment (ORD),
dated February 1995 were the primary source docunents used for
t he devel opnent of this TEWMP.

1.2 PURPGCSE

The purpose of this TEMP is to define the overall T&E strategy
necessary to ensure the successful integration of the ITWs into
the NAS and to assure the operational suitability and
effectiveness of the I TW5. This TEMP descri bes the T&E processes
that will be used to ensure the ITWS systemis operationally
ready and neets the project requirenents.

The | TWS TEMP test strategy includes: (1) defining test

met hodol ogy; (2) verifying requirenents, Critical Operational

| ssues (CA), Critical Performance Paraneters (CPP), and M ni num
Accept abl e Operational Performance Requirenents (MAOPR) and (3)
identifying organizational roles and responsibilities. [|TWs
Cas, CPPs, and MAOPRs are defined in the ITWs ORD. This TEMP is
devel oped in accordance with FAA Order 1810.4B and FAA- STD- 024b.
A Verification Requirenents Traceability Matrix (VRTM

contai ning high level functional and performance requirenents to
be tested during the I TW5 T&E programis i ncl uded.



1.3 SCOPE.

This | TW5 TEMP specifically addresses the 10C | TWs which will be
tested during the Devel opnent Phase and subsequent Production
Phase. The FAA T&E overview begins with the MNS and conti nues

t hrough Production Acceptance Test and Eval uation (PAT&E). The
testing that has taken place during the Denonstration Phase and
the testing that will be performed during the Devel opnent Phase
will ensure that the 10C | TW5 satisfies KDP-3 exit criteria, NAS-
SS- 1000 Specifications, MACPR, and CPP requirenents.

There will be Four First Article Systens. O these, OI&E
integration will be conducted on three units, which include a
unit at the FAA Technical Center for interface and integration
testing, and an operational sinple and conplex test site
(locations TBD). A sinple site is defined as a single airport
TRACON wth single TDWR, Airport Surveillance Radar Mdel 9 (ASR-
9), and Next Ceneration Weat her Radar (NEXRAD) inputs. A conplex
site is defined as a nulti-airport TRACON with nultiple TDWR,
ASR-9, and possibly, NEXRAD inputs. The fourth unit wll be
delivered to the Program Support Facility (PSF) in Olahoma Cty,
for mai ntenance procedural and shakedown test devel opnent.

The FAA Technical Center will be used for the initial phase of
OT&E testing. The testing done on the system at the FAA
Technical Center will assure NAS interfaces and operati onal
functionality before the ITWs is placed in an operational field
site.

OT&E operational and shakedown testing will be conducted at 2
operational field sites. The selected sinple and conplex site
will offer a broad spectrum of convective activity including both
air mass differentials and frontal systems. The sinple site wll
assess the mninmuminterface functionality, while the conplex
site will assess the interfaces with nmultiple airports and radar
systens within an operational environnment. Both sites wll
assess the interface functionality, operational effectiveness and
suitability within an air traffic environnment.

The KDP-2 | TWS Acqui sition Menoranda did not identify any
technical capabilities that had to be nmet prior to entering KDP-
3. In addition, since the operational capabilities denonstrated
during Denonstration phase OT&E are not commercially avail abl e,
there is no value to performng an Operational Capability
Denonstration (OCD).
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El enent .

NAS- SS- 1000 NAS System Specification Volunme 1V, Functional and
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Communi cat i ons El enent .

NAS- SS- 1000 NAS System Specification Volunme V, Functional and
Performance Requirenents for the National Airspace

Syst em Mai nt enance and Operati ons Support
El ement s.

NAS- SR- 1000 NAS System Requi renents Specification.
NAS- DD- 1000 NAS Level | Design Docunent.
NCP 17331 NAS Change Proposal, April 13, 1995.

FAA- E- XXXX Specification for the Integrated Term nal Wat her
System WMarch 1995.

FAA- G 2100F El ectroni ¢ Equi prent, General Requirenents,
Novenber 15, 1993.

FAA St andar ds

FAA- STD- 018a Conmputer Software Quality Program Requirenents,
Sept enber 30, 1987.



FAA- STD- 013b

FAA- STD- 019a

FAA- STD- 020a

FAA- STD- 024b

FAA- STD- 026

FAA- STD- 039

O her FAA Publ i

Quality Control Program Requirenents, Septenber
28, 1989.

Li ghtning Protection, G ounding, Bonding, and
Shi el ding Requirenents Facilities, Septenber 1985.

Transient Protection, G ounding, Bonding, and

Shi el ding Requirenents Facilities, Septenber 1985.
Preparation of Test and Eval uation Plans and Test
Procedures, August 22, 1994.

NAS Air Space Software Devel opnent, August 4,
1993.

Nat i onal Airspace System (NAS) Open System
Architecture and Protocols, January 1992.

cations

NAS- MD- 793A

FAA O der
1810. 1F

FAA O der
1810. 4B

FAA O der
1810. 6

FAA O der
1800. 58

FAA O der
6000. 30B
NAS- VMD- 110

| TWS

Renot e Mai nt enance Monitoring System Functi onal
Requi rements for the Renpte Mnitoring Subsystem
(RVB) .

FAA Acqui sition Process, March 19, 1993.
FAA NAS Test and Eval uation Policy, October 22,
1992.

Policy for Use of Non-devel opnental Itens (NDI) in
FAA Acqui sitions, Novenber 13, 1992.

Nat i onal Airspace Integrated Logistics Support
Policy, July 1987.

Policy for Mintenance of the National Airspace
System (NAS) Through the Year 2000, Cctober 28,
1991.

Test and Evaluation (T&E) Terns and Definitions
For The National Air Space System March 27, 1987.

I ntegrated Term nal Weat her System Acqui sition

Acqui sition Pl an, QOctober 1994.

Pl an

| TW& ORD

I ntegrated Term nal Wat her System Qperati onal



| TWS PI P

Ri sk
Managenent

| TW& MNS

Requi rements Docunent (ORD), February, 1995.
Program | npl enentation Plan (PIP) for Integrated
Term nal Wat her System (1 TW5), QOctober 1994.

I ntegrated Term nal Weat her System (I TW5) Ri sk
Managenent Plan (Draft) Septenber 1994.

M ssion Need Statenent |Integrated Term nal Wat her
Systens (I TW5) February 1995.

| nt erface Docunents

NAS- | R- 25082514

NAS- | R- 25142513

NAS- | R- 31052514

NAS- | R- 31052514

NAS- | C- 31053102

NAS- |

NAS- | R- 43020001

NAS- | R- 43020001

I nterface Requirenents Docunent, AWOS Data
Acqui sition Systemto the Integrated Term nal
Weat her System (ADAS/ I TWS), July 31, 1994.

| nterface Requirenents Docunent, |ntegrated
Term nal Weather Systemto the Data Link
Processor (1 TWS/ DLP2A), July 31, 1994.

| nterface Requirenents Docunent, |ntegrated
Term nal Weat her Systemto Term nal Doppl er
Weat her Radar (TDWR/ I TW5), Part One, July 1,
1993.

| nterface Requirenents Docunent, |ntegrated
Term nal Wat her System Situation Display to
Ter m nal Doppl er Weat her Radar (TDWR
SDITW5), Part Two, July 1, 1993.

I nterface Requirenents Docunent, Ter m nal
Doppl er Weat her Radar to Low Level W ndshear
Alert System (TDWR/ LLWAS), May 1994.

R- TBD I nterface Requirenents Docunent,
Airport Surveillance Radar - Moddel 9 (ASR-9)
Weat her Channel with the Integrated Term nal
Weat her System (1 TW5) ASR-9 (Weat her
Channel )/ 1 TW5, February 15, 1994.

C Nat i onal Airspace Data | nterchange Network
(NADI N) X. 25 Packet Mdde Users Interface
Requi renments Docunment, March 1992. (Appendi x
for Users, March 1995).

C Nat i onal Airspace Data | nterchange Network



NAS-| R-51035101

(NADI N) X. 25 Packet Mdde Users Interface
Requi rements Docunment, March 1992. (Appendi x
for ACF SD, March 1995).

I nterface Requirenents Docunent, Renote
Moni t ori ng Subsyst enf Mai nt enance Processor
Subsystem (RMS/ MPS), Decenber 1994.

NAS- | R- 43034001 I nterface Requirenents Docunent,

Uni sys 12083041

OTHER STANDARDS

ANSI X3. 66

El A-232-D

El A-530

CaTT X 25

WMO No. 306

| SO 7498

M LI TARY STANDARDS

DCD- STD- 2167A

M L- STD-470B

Nat i onal Weat her Systemto NWSTG NAS Users
system Cctober 24, 1994.

| nterface Control Document, for the
NEXRAD/ RPGE non- associ ated PUP, June 1993.

Anerican National Standard for Advanced Dat a
Communi cati ons Control 1979 Procedures
(ADCCP), January 1979.

Interface between Data Term nal Equi pnment and
Dat a Commruni cati ons Equi pnment and Data
Communi cat i ons Equi pnent Enpl oyi ng Seri al
Binary Data | nterchange, (See ref in text).

Hi gh Speed 25-Position Interface for Data
Term nal Equi pnent and Data Circuit
Term nating Equi pnent, March 1987

I nterface between Data Term nal Equi pnent
(DTE) and Data Commruni cati ons Equi prent ( DCE)
for Termnals Operating in Packet Myde on
Publ i c Data Networks, 1984.

Worl d Met eorol ogi cal Organi zati on Manual s on
Codes.

I nformati on Processing Systens - Open Systens
| nt erconnection - Reference Model

Def ense System Sof t ware Devel opnent, February
29, 1988.

Mai nt ai nabil ity Program Requirenents (for
System and Equi pnents), May 30, 1989.



M L- STD- 785 Reliability Program for Systens and Equi pnent
Devel opnent and Production, August 5, 1988.

M SCELLANEQUS REPORTS

ACW 200 Report | TW5 Denonstration/ Validation Phase OT&E
Fi nal Report, (DRAFT), February 1995.

DOT/ FAA/ CT Final Report for the Air Traffic Control
(ATC)

TN95/ 1 Operational Evaluation of the Prototype

I ntegrated Term nal Wat her System (I TW5) at
Dal | as/Fort Worth (DFW and Ol ando
International (MCO Airports (May - Septenber
1993).

Human Factors Plan |Integrated Term nal Wat her System (I TW5)
Human Factors Plan, March 1995.

Proj ect Report | ntegrated Term nal Wat her System (1 TW5)
ATC- 203 1992 Annual Report Lincoln
Laboratory, Massachusetts Institute of
Technol ogy, Septenber 7, 1993.

M T/ LL | TW5 Denonstration and Validation Operational

Test and Eval uation, March 15, 1995, Draft,
Report DOT/ FAA/ RD- 95/ 7.

3.0 | NTEGRATED TERM NAL WEATHER SYSTEM DESCRI PTI ON.

3.1 | TWS | MPLEMENTATI ON.

The I TW5 hardware will consist of a COTS based conputer system
The Met eorol ogi cal Al gorithm Specification devel oped by M T/LL
will be provided to the contractor as GFE. The software code
that MT/LL wused to inplenent the algorithns during the DEMVAL
will be provided to the contractor as GFl.

3.2 | TWS FUNCTI ONAL DESCRI PTI ON.

The TWs w il collect, integrate, and process weather data from
FAA and National Wather Service (NWS) sensors and fromaircraft
in the termnal area to provide val ue-added, real -tinme products
that are usable w thout neteorological interpretation. These
products include current termnal area weather and short term (O-
30 m nutes) predictions of significant weather phenonena. |TW5



products will be generated for immedi ate use and are available to
air traffic control personnel, traffic managers, supervisors,
automated traffic managenent systens, and pilots via data |ink

| TWS products will also be provided to other users with defined
requirenents.

Figure 3.2-1 is a high level presentation of the ITWs information
flow. Table 3.2-1 presents the information in greater detail for
each of the ITWS products and their associated capabilities.



Figure 3.2-1 | TW5 Information Fl ow D agram
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Table 3.2-1

| TW5 | OC products

ITWSPRODUCTS CAPABILITY

Windshear: Accurate detection/prediction and alerting of

1) Microburst detection/prediction microbursts including location, runway impact and
2) Gust front detection and forecast intensity; Improved gust front detection and

3) Ribbon display alerts forecasts; Timers (ATIS/700 and Gust front

4) Microburst alert Automated impact);

Terminal Information System (ATIS)
timer

5) Wind shear alert ATIS timer
6) Gust front impact timer

Gust front wind shift estimate

Estimate of wind speed and direction 10 minutes
behind the gust front;

Precipitation:

1) 5 nautical mile range
2) TRACON range

3) 100 nautical mile range
4) 200 nautical mile range

Precipitation intensity, location and extent in 4
ranges; TRACON precipitation with ASR-9 AP
removed,

Storm motion and extrapolated position:

1) 5 nautical mile range
2) TRACON range

3) 100 nautical mile range
4) 200 nautical mile range

Indication of storm speed and direction; Near-term
projected storm location, and extent depicted in 4
ranges,

Storm cell information:

Detailed data, on request, indicating storm features

1) 5 nautical mile range including: hail, lightning, mesocyclone and echo
2) TRACON range topsin 4 ranges,

3) 100 nautical mile range

4) 200 nautical mile range

ASR-9 AP Indication of location and extent of AP in the ASR-
1) Precipitation with AP flagged 9 reflectivity; Alerting to the presence and location
2) AP dert of ASR-9 AP,

Tornado: Indicate locations on SD in 4 ranges; Alert to the
1) Detection presence of tornadoes within designated distances of
2) Alert each ITWS airport;

Airport lightning warning

11

Indication of lightning within designated distances




ITWSPRODUCTS CAPABILITY
of each ITWS airport;

i. LLWAS winds Centerfield and runway-specific winds as designated
to cover each ITWS airport;

j- Terminal winds: Profiles of winds for each ITWS airport for
1) Gridded wind field designated reference points and atitudes for display;
2) Wind profile

k. Runway configuration Airport configuration (runway configuration);

I Terminal weather text message Provides a textual weather message for terminal
area defining pressure, weather, visibility, ceiling,
winds and remarks.

The |TWs w il receive TDWR, ASR-9, and NEXRAD radar data. The

| TW6 w Il integrate this data with gridded data and

Met eor ol ogi cal Data Collection and Reporting System (MDCRS) data
received via the National Wather System Tel ecomruni cation
Gateway (NWSTG, FAA Tel econmuni cations Gat eway (FAATG .

Aut omat ed Weat her (Observi ng System (AWDS), Automated Surface
Qbserving System (ASCS), Automated Lightning Detection and
Reporting System (ALDARS) are received fromthe ASOS/ AWOS Dat a
Acqui sition (ADAS). Data input, assimlation, and processing for
product generation will occur in the | TW product generator

| ocated at the TRACON building. The |ITW5 graphics and text
products will be presented to supervisors and traffic managers on
the Situation Display (SD). |TW5 text products will be presented
to Air Traffic Controllers (ATC) on the R bbon D splay Term nal
(RBDT). The ITW5 is required to:

1. Process data (real -time weat her observation data),
Avi ation I npact Variables (AlV), and State of
At nosphere Variables (SAV). This processing could
i nclude perform ng data assimlation, interpolation,
and running extraction and tracking algorithns.

2. Extract information fromexisting Aviation Wat her
Products (AWP) as input for generating new AWPs.

3. Provide direct or pass-through sensor data. This data

can be used as received or as base data for a val ue
added product.
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3.2.1 | TW5 Uni que Operational and Performance Characteristics.

| TWS products are generated fromdata received from various input
sensors and integrated into a single display and presented to end
users in a formthat does not require further meteorol ogical
interpretation. The ITW5 will archive generated products, system
status nmessages, and user inputs for a fifteen day cycle.
Additionally, the ITWs wll archive acquired data used for |ITWS
product generation for a 6 hour period.

3.3 | NTERFACES.

The ITWs will interface with various FAA and NW5 weat her systens
to fulfill its mssion requirenents. |TW5 interfaces are divided
into two categories, input interfaces and output interfaces
(users) as shown in Figure 3.3-1. The follow ng subsections
descri be each interface.

Each interface will achieve interoperability and conpatibility
using the International Standards O ganization (1SO Open System
| nt erconnection (OSI) reference nodel, in accordance wth | SO
7498 and FAA- STD-039. Messages and rel ated format requirenents
are presented in each Interface Requirenents Docunents (I RD) and
I nterface Control Docunents (1CD).

3.3.1 External Input Interfaces.
a. TDWR/ | TWS
b. LLWAS/ | TWS

C. ASR- 9/ | TW6
d. NEXRAD/ | TWS
e. FAATE | TWS
f. ADAS/ | TWS
3.3.1.1 TDW I TWE.

This is a two part interface. For Part |, the TDAR will provide
the I TWS product generator with data formatted and transmtted in
accordance wth NAS-1R-31052514 Part |. The data provided wll

i ncl ude TDWR base data and Low Level W ndshear Al ert System
(LLWAS) products.

For Part 11, the TDAR will provide a direct interface to each
| TW5 SD in the TRACONs and Air Traffic Control Towers (ATCT).
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This will provide a backup to be used by the SD and acconpanyi ng
RBDTs in case of failure to receive data fromthe | TWS product

generator. Data and protocols will be in accordance with NAS-IC
31052514 Part |1.
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Figure 3.3-1 System Architecture
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3.3.1.2 LLWAS/ I TW&.

The 1TWs will interface to either LLWAS Il or LLWAS IIl at each
| TW5 airport SD. The LLWAS Il will provide threshold and center
field wind data exclusively. The LLWAS Il will supply runway

oriented w nds and w ndshear products. LLWAS data wll be
provided to the TDWR Radar Product Cenerator (RPG for
distribution to the I TW5 product generator and for integration
and distribution to the ITW5 SD. LLWAS II/111 also provides data
directly to the SD as a backup to a TDWR and/ or comruni cati ons
failure.

3.3.1.3 ASR-9/ITW&.

ASR-9 will provide digitized 6-1evel weather reflectivity data in
accordance with the ASR-9/1 TW5 IRD. This docunent is currently
bei ng updated. This |IRD defines the weather to be provided by
the ASR-9. The ITWs will nerge all ASR-9 inputs covering the
TRACON ar ea.

3.3.1.4 NEXRAD/ | TWS.

NEXRAD wi | | provide products in accordance with the

RPE associ ated Principle User Processor (PUP) |ICD (Unisys
12083041). The products will include the follow ng data: storm
structure, stormtracking, echo tops, hail index, nesocycl one,
tornado vortex signature, nean radial velocity, and | ayered
conposite reflectivity. The data format and the comruni cation
protocol is defined in the NEXRAD/ | TWs | CD.

3.3.1.5 FAATG I TW&.

The NWS will provide gridded data and NMDCRS- processed airborne
observations to the I TWs. The information will be broadcast via
hi gh speed communi cations links. The conmmunication protocols and
subnet wor k communi cati ons are defined in accordance with the
NWETGE NAS User | RD (NAS-1 R-43034001).

3.3.1.6 ADAS/ | TW&.

ADAS wi I | provide the I TWs with automated surface observations
and lightning network information via the NADI N Packet Sw tching
Network (PSN). The provided ADAS information will be in
accordance wth the NAS-1R-25082514. ADAS will provide that
portion of the raw lightning information which falls within the
geographi cal area of the Area Control Facility (ACF). Al data
exchange at the application layer is in the Wirld Mt eorol ogi cal
Organi zation (WMD) fornmat.
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3.3.2 External Qutput Interfaces.

The set of products dissemnated fromI|TW5 to output systens wll
be tailored to neet the requirenents of each interface/user.

a. | TWS/ External Users,
b. I TWS/ Data Link Processor (DLP),
c. | TW5 RMS/ Mai nt enance Processor Subsystem ( MPS),
d. | TWS/ National Airspace Data |Interchange Network (NADI N).

3.3.2.1 | TWs/ External Users.

Qut put ports will be provided to transmt term nal weather
products for access by external users such as airlines and the
NWS. The format of nessages provi ded over these ports will be
consistent with those defined in the | TW5 product generator to
| TW5 SD i nterface | CD.

3.3.2.2 | TWS/ DLP2A.

| TW5 products will be provided to the Data Link Processor (DLP)
for dissemnation to pilots in accordance with NAS-IR-25142513.
This interface is between the I TW5s and the DLP | ocated in each
ACF. The application processes shall provide only those services
required for the transfer of I TWS products to the DLP (one way
operation). Interface Functional requirenents shall be in
accordance with | SO 7498.

3.3.2.3 | TW5 Renpte Monitoring System (RVS)/ Mai ntenance
Processor Subsystem (MPS).

Each I TWs will incorporate a RV5, which will supply system status
to the MPS. The interface will be in accordance wth NAS-IR-
51035101. The NAS-MD- 793a provides the RVS design inplenentation
requi renents and will be used in conjunction with this IRD. The
MPS and RVS application processes shall exchange nessages that
the RMS is required to provide to the MPS.

3.3.2.4 |1 TW5/ National Airspace Data Interface Network Il (NAD N
1) Packet Sw tching Network (PSN) User.

NADIN wi || be used as the comruni cati ons nmedi um bet ween | TW5 and
the external systens to provide the data for the exchange of
messages. The requirenents for the connectivity are defined in
NAS- | R- 43020001c.

3.4 CRITI CAL PERFORVANCE PARAMETERS ( CPP) .

The | TW5 CPPs are presented in Table 3.4-1. The objectives and
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threshol ds are extracted fromthe I TW5 ORD. The thresholds are
baselined in NAS-SS-1000 as required NAS paraneters. A
performance paraneter's threshold is the m ni numval ue necessary
to provide an operational capability that will satisfy the

m ssion need. Performance objectives are defined as val ues
beyond the threshold that should reflect an operationally
meani ngf ul , nmeasurabl e and af fordabl e i nprovenent on operations
or support beyond that provided by the threshold val ue.
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Table 3.4-1

| TWS Critical

Per f or mance Par amet ers

CRITICAL
PARAMETER

THRESHOLD

OBJECTIVE

A) General Performance

1) End-to-end
availability

Essential Service for wind shear
(MB, WS, & GF) requirements
(end-to-end availahility >/=.999)

Objective = Threshold

2) ITWS alocated
avail ability

>/=.99981

Objective = Threshold

3) ITWS reliability

>/=2704 hours mean time between
failure (MTBF)

Objective = Threshold

4) Coverage area

Surface-23,000 feet above ground
level (AGL) out to 30 nm beyond
the TRACON boundary, product

dependent

Objective = Threshold

5) Data Retention

6 hours of input data

Objective = Threshold

6) Product archiving

15 days of ITWS products directly
supporting display or user output

Objective = Threshold

7) Automatic
recovery on ITWS
generation failure

Switch to TDWR display within 30
seconds of ITWS wind shear
product outage

Objective = Threshold

8) Timeliness of
reporting weather phe-
nomenon (tornado,
hail, mesocyclone)

</=1 minute of receipt of
applicable data

Objective = Threshold

B) Wind shear and storm products generation performance

1) Microburst Prediction

a) Probahility of false
microburst alert

</=0.1

</=0.05

b) Prediction lead
time

</=2 minutes, prior to onset of
microburst for 60% of predicted
valid wet microbursts

</=2 minutes, prior to onset of
divergent wind shear for 90% of
wet predicted events

2) Gust Front Forecast

a) Predicted position
time

Position predicted 10 minutes and
20 minutes in advance

Objective = Threshold

b) Predicted position
accuracy

Predict 70% of gust fronts
impacting airport with wind

19
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CRITICAL
PARAMETER

THRESHOLD

OBJECTIVE

change >/=15 knots 10 minutesin
advance

>/=15 knots 10 minutes in advance

c) Probability of
false prediction

Probability of false 10 minute
prediction </= 0.10 for gust fronts
with wind change>/=15 kts

Probability of false 10 minute
prediction </= 0.10 for gust fronts
with wind change >/=15 knots

3) Storm motion

a) Storm speed accu-
racy

+5 knots for 90% of storm events
moving at >/= 10 knots

+5 knots for 90% of storm events
moving at >/= 5 knots

b) Storm direction

+20 degrees for 90% of storms
moving at >/= 10 knots

+20 degrees knots for 90% of
storms moving at >/=5 knots and
+10 degrees for 50% of storms
moving at >/= 5 knots

4) Storm extrapolated position

a) Extrapolated
position times

Position projected 10 minutes and
20 minutes in advance

Objective = Threshold

b) Extrapolated posi-
tion accuracy

10-minute extrapol ation within 2
nm for 80% of storms moving at
speeds > 10 knots, excluding
storms with growth, decay >/= 2
levels (TRACON product)

20-minute extrapolation within 2
nm for 70% of storms moving at
speeds > 10 knots (TRACON
product)

5) Storm cell information

a) Storm cell associa
tion

>/= 90% of features associated to
correct cell

>/= 95% of features associated to
correct cell

b) Storm cell
information

Threshold = Objective

| dentify 80% of cells which will
grow or decay by over 20% in area
in next 20 minutes

6) ASR-9 AP edit

a) Inadvertent edit

2
</= amaximum of 10km or 10%

of contiguous area with weather
reflectivity >/=level 3

2
</= amaximum of 10km or 10%

of contiguous area with weather
reflectivity >/=level 2

b) Latency

</=30 seconds of ASR-9 update

Objective = Threshold

c) Edit performance

Edit 70% of AP when ASR-9 level
is>/=level 3 and >/=2 |levels over
actual reflectivity level, & AP >/=

2
25km

Edit 85% of AP when ASR-9 level
is>/=level 3 and >/=2 |levels over
actual reflectivity level, & AP >/=

2
25km
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CRITICAL
PARAMETER

THRESHOLD

OBJECTIVE

C) Winds Products generation performance

1) Termina winds

a) Horizontal
resolution

+ 5 nm out to 30 nm beyond
TRACON </= 23000 feet

+ 1 nm within TRACON
boundaries </= 18000 feet; 5 nm
elsewhere

b) Vertical resolution
(between levels)

50 millibars

25 millibars < 5000 feet AGL and
</= 15 nm of the TDWR radar; 50
mb elsewhere

c) Accuracy

+10 knots 80% of time in regions
and at times when both TDWR and
NEXRAD have valid velocity data

+5 knots 90% of time in regions
and at times when both TDWR and
NEXRAD have valid velocity data
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3.4.1 Exit Criteri a.

Products presented in Table 3.2-1 nust neet the
techni cal / operational requirenents as determ ned by the Associate
Program Manager for Test (APMI)/Integrated Product Team (I PT)
reflected in the CPP list presented in Table 3.4-1. The |ITW5
program has identified the following exit criteria for the DI&E
and OT&E phases:

DT&E

- | TWS nust successfully pass system specification
requirenents;

- | TW6 nust successfully pass NAS-IR requirenents of
avai |l abl e interfaces;

- | TW5 nust successfully denonstrate performance of the
contractor devel oped software on data sets containing
vari ous neteorol ogi cal phenonena;

- | TW5 nust neet technical paraneters identified in the
FAA- E- XXXX;

- OT&E test personnel training nust be conduct ed;

- Pass/Fail criteria for DT&E requirenents within the VRTM

- | TW5 docunent ati on nust be updated prior to KDP-4,;
- First article units must be delivered to 4 sites;

- Physi cal Configuration Audit (PCA)/Functional
Configuration Audit (FCA) nust be conduct ed;

- Mai nt enance nust be established for first articles;

- Airway Facility (AF) and Air Traffic (AT) training nust
be conduct ed;

- Successful conpletion of OT&E
- Site adaptability;
- Back- up nodes TDWR/ LLWAS;
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- Pass/Fail criteria for OT&E requirenents within the VRTM
3.5 CRITI CAL OPERATI ONAL | SSUES (CQ).

CO s address uncertainty or risk associated with an operati onal
system They can be categorized into two areas, operational
effectiveness issues, reflecting requirenments of the FAA
operational user, and operational suitability issues, reflecting
support and mai nt enance requirenents. The | TW5 program has
devel oped a structured approach to identify, manage, and resol ve
i ssues associated with each CO.

The mtigation of COs is a continuing process from prototype
operations (DEWALS) throughout the procurenent lifecycle. The
COs listed below include those fromthe ORD and the 1994 DEMVAL
Section 5.2 represents a subset of these COs specifically
related to the 1994 DEMVAL.

a. WII input sensor quality be adequate?

Resolution of this CO began with the 1994 DEMWAL in Menphis and
Olando and will continue by denonstrating the availability and
performance of the initial |ITW functions at representative
sites. Additionally, analyses using neasured statistics for

i nput availability will also be utilized. Functional prototypes
at Menphis (MEM, Olando (MCO, and Dallas/Ft. Wrth (DFW w ||
continue to validate the capability of the key sensors prior to
delivery of the first article ITW5. Testing on the first article
systens will further validate the availability, performnce and
service volune of the initial ITW functions using the
operational data interfaces.

Comm ssi oned i nput sensors will be utilized, therefore the data
quality, in general, should not be an issue. However, input data
quality will be nonitored to ensure data integrity. Inherent
[imtations of input sensor data (Anomal ous Propagation [AP],
cone of silence, etc.) will be conpensated for by utilizing
avai |l abl e sensors which provide the nost accurate data for a
given condition. For exanple, TDWR reflectivity will be used for
the five mle range (where ASR-9 tends to be | ess sensitive) and
NEXRAD wi || be used to edit ASR-9 AP.

Utilizing this approach mtigates the sensor quality issue. The
inherent limtations will be tested both in the DT&E and OT&E
phases. Test scenarios will be devel oped to exam ne both raw
base data for a given sensor (e.g., raw ASR-9 data) and the
conpensated data to verify the inproved quality. Al so AT
personnel will provide a qualitative evaluation for this CO.
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b. WII the algorithnms and hardware function properly in a |large
TRACON environment, wth nmultiple TDWRs, ASR-9s and NEXRADs?

Resolution of this CO w Il be achieved through eval uating the
| TW5 at conplex sites utilizing multiple sensor inputs. The
proposed test strategy defined throughout section 5.0 of this
docunment will ensure that this CO is addressed and resol ved.

The functional prototype at DFWin 1995 wi |l provide background
to evaluate this CO. Miltiple ASR-9 data archived/recorded in
1993, by MT/LL (for DFW wi Il also be analyzed. The
functionality of the hardware and algorithnms will then be tested
by the contractor during DT&E, using the GFE al gorithm and the
contractors inplenentation of the software. The phased approach
of OT&E specifically tests the multi sensor environnment using a
conbi nati on of sensors and test drivers first at the FAA
Techni cal Center and subsequently at the designated MCF. This
testing should resolve this CO.

c. Can the effectiveness denonstrated at the DEMVAL | ocations be
achieved at other ITW5 airports given regional climtic
differences, diverse airport equi page and availability of inputs?

The resolution of this CO w Il begin by continuing to collect
data on the accuracy and operational effectiveness at the I TW5
test sites. Additionally, data obtained at DFWduring the sunmer
of 1995 will be analyzed to determ ne the effectiveness of the

| TW5. This data set will be an additional point to evaluate the
robustness of the I'TWS algorithns and their effectiveness in

di fferent regional clinmates.

Thereafter, data sets fromother representative climte areas and
di versely equi pped airports will be collected and run through the
| TW5 algorithnms. Data will be recorded at maj or TDWR equi pped
airports in the northeast and upper m dwest during convective
seasons to conpl enent the Florida, md-south and sout hwest
climatic data fromthe functional prototype sites.

During the contractor conducted DT&E, data sets representing the
diverse climtes and equi pnent will be tested on the contractor

i npl enented software. Additionally, the validity of the
algorithnms wll be verified.

At the FAA Technical Center, live interfaces will be introduced
to further test the effectiveness of the algorithm which wll be
foll owed by sinple and conplex site as part of operational and
shakedown testing. OI&E using initial ITW articles will be
carried out at two sites which are different fromthose sel ected
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for functional prototype testing and recorded data eval uati ons.

d. Can the ITWs aid in maintaining effective airport capacity
during adverse weat her conditions?

This CO will be verified by denonstrating the inproved effective
capacity (and reduced del ays) provided by the initial ITW
functions at operational airports. Denonstration OT&E testing
usi ng functional prototypes at Menphis and Ol ando denonstrated

t hat operational procedures to utilize the |ITWS products inproved
effective capacity. Additional testing using functional
prototypes at Menphis, Olando and Dallas/Ft. Wrth will further
val idate the effective capacity provided by the initial |ITW5
prior to delivery of the first article.

ACT-320 wi Il perform anal ysis on data provided by MT/LL and Air
Traffic on airport capacity prior to ITWs installation at the
OT&E airports and post ITWs installation. OT& wll al so use
sonme qualitative anal yses techniques (i.e. questionnaires) to
augnent the quantitative data anal yses.

e. Are the ITW5 products usable w thout the need for
net eorol ogi cal interpretation?

The status of this CO was stated as resolved in the Draft 1994
DEMVAL report. This was based on the Denonstration OT&E testing
usi ng functional prototypes in Menphis and Ol ando. Eval uations
of I TWS prototype operations in MCO, MEM and DFWw || assure the
continued resolution of this CO. Additionally, the follow ng
testing and oversight will occur to certify the inplenentation of
the contractor devel oped software al gorithns:

The Science Panel will be reconvened to assure the science
behind the I TWS Al gorithnms remains valid;

An i ndependent group will oversee the neteorol ogical
verification of the ITW al gorithns using various product sets
and assess the process throughout the Devel opnent Test phase,
and;

The Specification will require discrete points in the software
that will allow the contractor and the governnment to inject
data to prove the contractors GFE al gorithnms and the
contractors GFl software give the required results.

AF personnel will also be involved during the DT& and OT&E
testing to assure this CO continues to be resolved. In
addition, the ITWS products have been devel oped and approved
in conjunction with the I TW5 User G oup. The above efforts
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should continue to assure this CAO remins resol ved.

f. Is the ITWs resilient under loss of input frominterfaced
systens/sensors e.g. TDWR, ASR-9, Renote M ntenance Monitoring
System (RMV5), and NEXRAD?

Denonstrati on Phase OT&E testing using functional prototypes in
Menphi s and Ol ando have shown that the | TWs w Il produce useful
products under the |oss of sensor or interface inputs. This wll
be further verified during future functional prototype operations
in Menphis, Olando, Dallas/Ft. Wrth and OT&E

As with other COs the DT&E testing using data sets and
specification requirenents will further mtigate the risk posed
by this CO. Specific OT&E testing will be conducted at the FAA
Techni cal Center and at the operational sites to further resolve
this CO; inputs frominterfaced systens/sensors wll be faulted
during OT&E to verify that the I TW5 responds as specified when
various inputs are lost and that the systemrecovers properly
when the inputs are restored. Table 3.2-1 in the ITW ORD
addresses the inpact on specific | TW5 products upon input sensor
failure.

Airway Facilities personnel will conduct testing on Reliability,
Mai ntainability and Availability of supporting sensors during
shakedown testing. The above efforts should continue to assure
this CO remains resolved.

g. Are the I'TW5 products suitable for air traffic use?

An assessnent of the |ITW5 products using contractor inplenented
software will be perforned. This testing will be qualitative in
nat ure using AT personnel both at DT&E and the phased OT&E to
continue to assure resolution of this CO. Previous
Denonstrati on Phase OT&E testing of functional prototypes in
Menphis and Ol ando, indicated that the | TWs products are
suitable for air traffic use. Additionally, the |ITW5 products
devel oped in conjunction with the I TW5 User G oup will continue
to be evaluated to ensure the resolution of this CO.

h. Does the I'TW5 neet the critical performance threshol d
requi renents of the ORD?

The status of this CO fromthe 1994 DEMAL report is partially
resolved. The prototype will continue to be nonitored during the
1995 DEMWAL at DFW MEM and MCO with additi onal anal yses
performed. The Lincoln Laboratory "Integrated Term nal Wat her
System (I TW5) Denonstration and Validati on Qperational Test and
Eval uation"” report statistics will also be exam ned, and DT&E
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data sets will further validate the threshold requirenents.
During OT&E usi ng neteorol ogi cal and statistical anal ysis output
data will be conpared with raw sensor data to verify product
accuracy.

The scientific comunity accepts this nmethod as a valid process
to assess truth. The neteorol ogical validation teamw || provide
further independent assessnent to assure resolution to this CO.

i. Do the |ITWS products enhance the effectiveness of traffic

pl anni ng/ managenent (del ays, airport acceptance rate, traffic
flow, etc.) during adverse conditions in the termnal area? Are
term nal airspace and runways used nore effectively?

This CO was resol ved during the 1994 DEMWAL at Menphis and

Ol ando where OT&E testing using functional prototypes
denonstrated that operational procedures to utilize the ITWS
products inproved effective capacity. Additional testing using
functional prototypes at Menphis, Olando and Dallas/Ft. Wrth
will further validate the resolution by exam ning the effective
capacity provided by the initial I1TWs prior to delivery of the
first article. Resolution will be obtained frompre-1TW5 air
traffic neasures and questionnaire eval uations.

J]. Is the ITWS display visible under anticipated |ighting
condi tions?

This CO will be resolved by neans of specification requirenents
and systemuse within the operational environnent.

k. Does the | TW5 reduce (perceived) controller workl oad during
adverse weather conditions in the termnal area?

The results of the workl oad scale adm nistered to air traffic
personnel in conjunction with previous Denonstration Phase OT&E
testing in Menphis and Ol ando, clearly indicated that perceived
wor kl oad i s reduced during adverse weat her conditions. The
results of the workload scale are contained in the "ACT-320 | TWS
DEMVAL Phase OT&E Fi nal Report™.

Addi tional workload data will be collected in conjunction with
the prototype OT&E at Dallas/Fort Worth in 1995, to further
verify results obtained in 1994. A workload scale will be
adm ni stered at the OT&E Integration and Operational Testing at
the sinple and conpl ex sites.

3.6 M NI MUM ACCEPTABLE OPERATI ONAL PERFORMANCE REQUI REVENTS
(NACPR) .
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Air Traffic Plans and Requirenents Service (ATR)-330 has
identified the | TW6 MAOPRs requi renents; they correspond to the
threshol d values of the CPPs in Table 3.4-1.

4.0 TEST & EVALUATI ON (T&E) PROGRAM MANAGEMENT.

4.1 MANAGEMENT.

The foll ow ng subsections identify the roles and responsibilities
for the organizations involved in the | TW5 T&E process.

4.1.1 NAS Configuration Control Board (CCB).

1. Approves DT&E and PAT&E requirements contained in the
project specification (e.g., project specification
VRTM .

2. Approves test standards and definitions.

3. Approves NAS-SS-1000 NCPs and I RDs that affect system
requirenents.

4.1.2 Test Policy Review Commttee (TPRC)

Supports T&E policy, test standards, and definitions.
Approves TPRC operating procedures.

Approves FAA TEMP and revi sions.

Approves test policy waivers.

Resol ves di sagreenents on T&E i ssues when agreenents
cannot be reached at |ower |evels of FAA managenent.

GhwheE

4.1.3 Aviation Weat her Devel opnment Program AND 460, | TWS
Program Manager (PM.

1. Responsi bl e for overall program managenent.
2. Presents T&E depl oynent issues to the Depl oynent

Readi ness Revi ew (DRR)
3. Arranges with Alternate Program Manager for Test (APM)
for T&E support, coordination and nonitoring through an
annual Program Directive (PD).
Approves PD.
Tasks APMI to prepare PDs between the program office
and ot her FAA organi zati ons.
Requests funding for project T&E which is included in
t he overal |l program fundi ng.
Responsi bl e for receiving TPRC approval for the FAA
TEMP.
Prepares test policy waiver requests, and submts them
to the TPRC Secretari at.
Coordi nates T&E requirenents for Departnent of Defense
(DOD), or other governnent agencies, on joint

© ® N o gk~

28



10.

11.
12.
13.
14.

15.
16.

17.
18.
19.
20.
21.

22.
23.

24.
25.

26.

procurenent, as the project requires.

Devel ops, or has the APMI devel op, the project
specification VRTM and incorporates these requirenents
into the project.

Wth APMI support, brings unresolved T&E issues before
the TPRC via the TPRC Secretari at.

Approves DT&E test plans, procedures, and reports.

Revi ews DT&E test plans, procedures, and reports.
Recommends to the contract officer (CO approval of
DT&E test plans, procedures, and reports.

Monitors DT&E contractor conducted testing.

Revi ews OT&E Integration and OT&E Operational test
requi renents, plans, procedures, and reports.

Approves OT&E Integration and OT&E QOperational test
requi renents, plan, procedures, and reports.

Monitors OT&E Integration and OT&E QOperational tests.
Moni tors OT&E Shakedown.

Revi ews Fi el d Shakedown requirenents with the Airway
Facilities Division organization.

Reviews Site Acceptance Test (SAT) test plans,
procedures and reports.

Monitors Field Shakedown.

Oversees distribution for DT&E SAT test plans,
procedures, and reports.

Responsi bl e for FAA TEMP di stri buti on.

Responsi bl e for identifying and prescribing appropriate
distribution and accountability controls for program
technology that is critical.

Prepares NCPs for designated test |ocations.

4.1.4 NAS Devel opnent Speci al Assistant (AND- 3).

1
2.
3.

Menmber of TPRC.

Revi ews FAA TEMP.

Supports devel opnent of revisions to test policy, test
st andards and definitions.

4.1.5 NAS Transition and | npl enentation Service (ANS).

N =

®NO O AW

Menmber of TPRC.

Provi des supportable requirenments to the APMI for
inclusion in the FAA TEMP, which serves as guidance to
ACS for the OT&E pl ans.

Revi ews FAA TEMP' s.

Revi ews requi renents, plans, and procedures for OI&E
pl ans.

Provi des personnel for conducting and/or nonitoring the
conduct of OT&E Shakedown.

Revi ews OT&E Shakedown reports.

Revi ews PDs.

Approves PDs.
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4.1.6

Communi cati on, Navigation and Surveill ance Engi neering and

Test D

vi si on (ACT-300).

N o o kwbe

© 0

4.1. 7

Menber of the TPRC.
Provi des APM.
Prepares Project TEMP
Revi ews test plans.

Revi ews DT&E, OT&E Integration and OT&E Operational test
requirenents.

Provi des concurrence on OI&E Integration and OT&E
OQperational test plans and reports prior to review

Presents unresol ved T&E issues, significant T&E test
result problenms, or violations of T&E policy to the
TPRC.

Provi des T&E assessnents to the DRR

. Provides for FAA Technical Center facility readiness.

Associ ate Program Manager for Test (ACT-320).

Supports devel opnent of test policy and test standards.
Acts as the agent of the PMto manage the T&E program
i ncludi ng establishing overall test schedul es,
coordinating tests, ensuring that all test requirenents
are satisfied, and that tests are perfornmed in
accordance wi th approved procedures.

Prepares, coordi nates, and approves, with the PM an
annual PD which addresses all T&E task support
activities and resources required for the project.
Prepares appropriate T&E inputs to project
docunentation, (e.g., project procurenent package) as
specifically tasked in the PD.

Prepares PD s between the project office and ot her FAA
or DOD organi zations to fund and/or arrange for the
organi zations' participation in T& activities.

Jointly prepares and updates the FAA TEMP with the PM
Provi des updates of available test results during DRR
Revi ews DT&E test requirenents, plans, procedures, and
reports.

Arranges DT&E and PAT&E test support.

Revi ews DT&E and PAT&E test requirenents.

Coordi nates with perform ng organi zati ons, and nonitors
DT&E, OT&E and PAT&E activiti es.

Revi ews contractor-prepared DIT& and PAT&E pl ans,
procedures, and reports.

Prepares DT&E and PAT&E test plans, procedures, and
reports when tasked by the PMto devel op hardware or
software, instead of a contractor.
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14.

15.
16.
17.
18.
19.

Directs and conducts DT&E testing if tasked by the

PM Associ ate Program Manager for Engi neering (APME) and
monitors DT&E testing perfornmed by a contractor.

Revi ews DT&E and PAT&E requirenents for inclusion in

t he FAA TEMP

Prepares OT&E Integration and OT&E Operational test
requi renents for inclusion in the FAA TEMP.

Prepares OT&E Integration and OT&E Operational test

pl ans, procedures, and reports.

Revi ews OT&E Shakedown requirenents, plans, and

pr ocedur es.

Directs and conducts OT&E Integration and OT&E
OQperational tests. AGCS-250 may optionally participate
in test conduct.

Revi ews all OT&E Shakedown reports (information only).
Revi ews Fi el d Shakedown requirenents, plans,
procedures, and reports.

Moni tors OT&E Shakedown.

Monitors Field Shakedown.

4.1.8 Ar Traffic Plans and Requirenents (ATR).

No gk whe

10.

Menber of TPRC

Provi des requirenents for and reviews the FAA TEWP.

Provi des operational expertise and planning for
conducting and anal yzi ng tests.

Revi ews DT&E, OT&E and PAT&E requirenents.

Provi des personnel to support nonitoring and conduct of
DT&E.

Revi ews program PDs.

Provi des test requirenents via the FAA TEMP, supports
test plan devel opnent, and reviews test plans and
procedures for OI&E Integration and OT&E Operati ona
t ests.

. Provides and approves additional test requirenments (that

do not exceed OT&E Shakedown durations or costs as
baselined in the FAA TEMP) not identified in the TPRC
basel i ned FAA TEMP for OT&E Integration and OT&E
Qperational tests. Wen change or additions are

requi red which exceed cost or schedule allotnments
previ ously planned, the normal process for adjusting

t he planned testing and resol ving di sagreenents
appl i es.

. Determ nes the operational acceptability of new ATC

operati onal conputer progranms or systens prior to their
delivery for operational testing and use in field
facilities.

Provi des personnel for conducting and/or nonitoring the
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11.
12.

13.

14.
15.

16.
17.
18.

19.

conduct of OT&E Integration and OT&E Operational tests.
Revi ews OT&E I ntegration and OT&E Operational test
reports.

Provi des and coordi nates test requirenents, supports
test plan devel opnent, and reviews test plans and
procedures for OT&E Shakedown.

Provi des personnel for conducting and/or nonitoring the
conduct of OT&E Shakedown.

Revi ews OT&E Shakedown reports.

Provi des and reviews requirenents, plans, and
procedures for Field Shakedown.

Monitors the conduct of Field Shakedown.

Revi ews Fi el d Shakedown reports.

Provi des a depl oynent recommendati on based on OT&E
Shakedown results, in support of the DRR

Devel ops the ORD

4.1.9 (Operational Support Service (AQCS).

No gk W DbeE

®

10.
11.

12.

13.
14.

15.

Menber of TPRC

| dentifies and devel ops with the PM and APMI, OT&E
Shakedown requirenents for inclusion in the FAA TEMP.

Optionally supplies draft PD, reviews and approves final
PD.

Revi ews FAA TEMP.

Revi ews OT&E Integration and OT&E Operational test
requi renents, plans, and reports.

Monitors DT&E tests.

Monitors OT&E Integration and OT&E Operational tests, and
optionally participates in OT& Integration and OT&E
Qper ational test conduct.

Prepares OT&E Shakedown requirenents, plans, procedures,
and reports in coordination with ATR

. Approves, in coordination with ATR, additional OT&E

Shakedown requirenents that do not exceed OT&E
Shakedown durations or costs as baselined in the TEMP.
Approves OT&E Shakedown pl ans, procedures, and reports.
Directs and conducts OT&E Shakedown as applicable to
OT&E requirenents. ATR w |l support and participate in
those tests that are applicable to ATR OT&E Shakedown
requirenents.

Provi des personnel for perform ng and/or nonitoring the
conduct of OT&E Shakedown.

Conducts OT&E Shakedown dat a anal ysi s.

Provi des a depl oynent recommendati on based on OT&E
Shakedown results in support of the DRR

Monitors, and optionally participates, in test conduct
of Field Shakedown.
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4.1.10 NAS System Anal ysis and Integration Division (ASD 120).

1. Revi ews FAA TEMP.

2. Provides the NAS-SS-1000 System Specification
requi renents for inclusion in the FAA TEMP VRTM or
coordi nates requirenents for those projects not
i ncluded in the NAS-SS-1000.

3. Provide inputs to m ssion needs anal ysis that serve as
the basis for various Key Decision Points.

4. Provide inputs or revised engineering docunentation
(specifications, Statements of Wrk, NCPs, TEMPs, etc.)
for conformance with system engi neering policies,
standards, and basel i ne specifications.

4.1.11 System Engi neeri ng Managenent (ASD- 140).

1. Serves as TPRC Secretari at.

2. Formul ates revisions to test policy, test standards and
definitions for consideration and endorsenent by the
TPRC.

3. Verifies conpliance with FAA Order 1810.4B and standards.

4. Devel ops and nai ntains the TPRC Operating Procedures.

5. Provides and mai ntains inplenentation traceability for
NAS Verification via the VRTM s contained in the NAS-
SS- 1000 System Speci fication.

6. Devel ops VRTM s for new NAS-SS- 1000 System Specification
projects and NAS | RD s.

4.1.12

O fice of I ndependent Qperational Test & Eval uation

Oversi ght (ATQ.

4.1.13

o gk w DME

Menber of TPRC.

Provi des i ndependent oversight of all ITW5 testing
efforts.

Assesses operational suitability and effectiveness of the
| TW5 system

Co- approves the TEMP.

Revi ews and comments on DT&E and OT&E pl ans, procedures,
and reports.

Provi des operational readi ness assessnent reports to the
FAA Adm ni strator.

Associate Adm nistrator for Contracting and Quality

Assurance (ASU).

1

Menber of TPRC.
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Revi ews and approves PD' s.

Revi ews FAA TEMP and contractor's MIP

Revi ews DT&E test plans, procedures and reports.

Revi ews PAT&E test plans, procedures and reports.
Verifies conpl eteness of program by review ng the final
OT&E 1/ O testing, Shakedown and Fi el d Shakedown reports
fromeach site.

7. Provi des Associ ate Program Manager for Quality (APM)
and Quality Reliability Oficer (QRO.

ouhkwn

4.1.14 Ofice of Air Traffic System Managenent (ATM.

1. Revi ews Fi el d Shakedown requirenents, plans,
procedures, and reports.
2. Determ nes the operational acceptability of new ATC

operati onal conputer progranms or systens prior to their
delivery for operational testing and use in field
facilities.

3 Monitors OT&E Operational testing.

4. Monitors Field Shakedown.

5. Monitors conputer programinplenentation schedules to
ensure operational requirenents are net.

6 Manages requirenents for new airspace managenent
syst ens.

7 Reviews PD s via ATR

4.1.15 Air Traffic Rules and Procedures Service (ATP).

1. Revi ews Fi el d Shakedown requirenents, plans,
procedures, and reports.

2. Moni tors Field Shakedown.

3. Devel ops procedures for systeminpl enentation.

4. Reviews PD s via ATR

4.1.16 FAA Contracting Oficer.

1. Approves DT&E and PAT&E test plans, procedures, and
reports for contractual conpliance.
2. Ensures DT&E tests are conducted per contract.

4.1.17 Regional Air Traffic D vision.

1. Support PMvia ATR in devel opment of test requirenments
for inclusion in the FAA TEMP.

2. Supports PMin inplenmentation of FAA TEMP at test and

operational facilities, as required by ATR
3. Supports Airway Facilities Division in the devel opnent
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of Field Shakedown requirenents, plans, procedures, and
reports, with the inclusion of Regional Air Traffic

Di vi sion objectives and interests.

Provi des coordination to Airway Facilities D vision for

4.

Fi el d Shakedown requirenents, plans, procedures, and
reports.

5. Participates in the conduct of OI&E Integration and
OT&E QOperational testing, and OT&E Shakedown, as
coordinated with the ATR organizati on.

6. Supports Field Shakedown that is in satisfaction of
Regional Air Traffic D vision test requirenents or
obj ectives, as coordinated with Airway Facilities
Di vi si on.

7. Conducts Field Shakedown in coordination wth A rway
Facilities D vision.

8. Monitors Field Shakedown.

9. Revi ews PD via ATR

4.1.18 ir Traffic Facilities.

1. Participates in FAA TEMP activities as required by ATR
t hrough Regional Air Traffic D vision.

2. Supports devel opnent of Field Shakedown requirenents,
pl ans, procedures, and reports, in coordination with
facility Airway Facilities organizations.

3. Conducts and nonitors Field Shakedown and reports
results in coordination with facility Airway Facilities
organi zati ons and Regional Ar Traffic Division.

4. Reviews PD via ATR and Regional Air Traffic D vision.

4.1.19 Regional Airway Facilities Division.

1. Supports PMin devel opnment of test requirements for
i nclusion in FAA TEMP.

2. Supports PMin inplenmentation of FAA TEMP at test and
operational facilities.

3. Responsi bl e for overall Field Shakedown, in cooperation
with Air Traffic D vision.

4. Co- approves, jointly with Air Traffic Division, Field
Shakedown requirenents with the PM

5. Approves Field Shakedown pl ans, procedures, and
reports.

6.

Participates in the conduct of OI&E Integration and
OT&E Operational testing, and OT&E Shakedown, as
coordinated with ACS.
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7. Directs Field Shakedown that is in satisfaction of
Airway Facility Division test requirenents or
obj ectives, and as coordinated with Air Traffic
Di vi si on.

8. Conducts Field Shakedown in coordination with Air
Traffic Division. ACS-250 have option of participating
in test conduct.

4.1. 20 irway Facilities Sectors.

1. Participates in FAA TEMP activities as required by
Airway Facilities Division.

2. Devel ops Field Shakedown requirenents, plans, and
procedures, in coordination wth facility Air Traffic
or gani zati on.

3. Conducts Fi el d Shakedown, including Joint Acceptance
| nspection (JAI), and reports results in coordination
with facility Air Traffic organization.

4.1.21 Test Plan Wrrking Goup (TPWS.

1. Meet periodically to discuss test related issues
concerning the TEMP, DEMVALs, OT&E schedul es, and ot her
rel ated issues.

2. Provide input for test requirenments and represent
respective organi zati ons regardi ng acceptance of test
responsibilities and input for test requirenents.

4.1.22 MT/LL.

1. Provi de technical support/nmeteorol ogi cal background on
al gorithns.

2. Support overall test effort on the technical and
scientific background of the |ITWS.

3. Qperate | TWS functional prototypes in support of OTI&E
Testing at MEM MCO and DFW

4.1.23 Communi cations/Infrastructure (ACT-330).
1. Conduct RMS/ MPS interface testing during OT&E

| nt egrati on.

4.2 | NTEGRATED SCHEDULE

Appendi x B contains the ' TW5 Integrated Test Schedule. The |ITW5
Test Schedul e details the sequential relationship of all T&E
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events and mlestones relative to the key acquisition events of
the program System devel opnent will begin in the 1996 tine
frame with OT&E beginning in 1999. The schedule will be updated
as confirmed dates becone available. The |ITWS Test Schedule is
hi ghly dependent on successful and tinely TDWR install ation.

Key m | estones of the schedule are the Prelimnary Design Review
(PDR), Critical Design Review (CDR), DT&E, Test Readi ness Revi ew
(TRR), Contract Acceptance Inspection (CAl), and first

Oper ati onal Readi ness Denonstration (ORD). The PDRis an early
opportunity for the FAA to exam ne the high | evel design of the
contractor devel oped system The contractor will present the
detailed design to the FAA at the COR At this point the program
can nove into the software devel opnent phase. The DT&E phase
will present the FAAwith a series of opportunities to nonitor
devel opment. DT&E will comence i nmediately a successful TRR
The TRR will indicate the preparedness for the FAT, which wl|
transition the systemfromthe factory to an operational site.
The systemtransition of ownership fromthe contractor to the FAA
occurs at CAl. The first ORD is part of Field Shakedown Testing
and precedes system conm ssi oni ng.

4.3 TEST & EVALUATI ON PERSONNEL AND FUNDI NG

The manpower and funding profile estimted to support testing

t hrough fiscal year 2001 by test phase is presented in Table
4.3-1. ACS personnel and training is defined in section
5.5.3.3. Funding for the ACS-250 PSF is approximtely 500K and
shoul d be available in FY-98.
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Table 4.3-1 ACT-320 Test & Evaluation Personnel and Fundi ng
ACT- 320 T&E SUPPORT

FY 96 97 98 99 2000 2001 MY TOTAL

Testing Phase MY MY MY MY MY MY TOTAL $/ Test
Phase

Denonstrati on 0.50 0. 00 0. 00 0. 00 0. 00 0. 00 0.50 $62, 500

(96)

DT&E ( 96-99) 2.00 2.50 3.00 2.00 0. 00 0. 00 9.50 $1, 187, 500

OT&E (96-01) 2.00 2.50 3.50 3.50 2.00 2.00 15. 50 $1, 937, 500

PAT&E 0. 00 0. 00 0. 00 0.50 2.00 1.00 3.50 $437, 500

(99-01)

P3I (97-01) 0. 00 0. 00 0. 00 1.00 2.00 2.00 5. 00 $625, 000

Total MY 4.50 5.00 6. 50 7.00 6. 00 5.00 34. 00 $4, 250, 000

Ttl Prgm $/ FY $562,500 | $625,000 | $812,500 | $875,000 | $750,000 | $625,000 | $4, 250,000

(* 125K/ M)

PAT&E/ P3I 0. 00 0. 00 0. 00 1.50 4.00 3.00 8.50 $1, 062, 500
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4.4 TEST PLANS.

Table 4.4-1 lists the Devel opnent Phase test docunents, expected
conpl eti on dates, and responsi bl e organi zations.

Tabl e 4.4-1 Devel opnent Phase Test Pl ans

Devel opnent Phase Test Pl ans
Docunent Title Expect ed Responsi bl e
Conpl eti on Organi zati on
Dat e

FAA TEMP Apr-95 | ACT-320

Human Factors Pl an Mar-95 [ ACT-320

FAA OT&E Operational and Integration Test Feb-98 | ACT- 320

Pl an

OT&E Shakedown Test Pl an Feb-98 | AGCS- 250

Contractor's Master Test Plan (CMIP) TBD Devel opnent
Contract or

Software Test Pl an TBD Devel opnent
Contract or

DT&E FAT Pl an TBD Devel opnent
Contract or

DT&E SAT Pl an (includes Delta DT&E Test TBD Devel opnent

requi renents) Contr act or

PAT&E FAT Pl an TBD Devel opnent
Contract or

PAT&E SAT Pl an TBD Devel opnent
Contract or

4.4.1 CGovernnment Test Pl ans.

A set of test plans will be devel oped by the organizations
responsi bl e for each T&E phase identified within this TEMP.

Test plans define the range of tests to be perfornmed, input
data, initialization requirenents, expected output, qualitative
met hods and criteria for evaluating test results.

4.4.1.1 FAA TEMP.

The FAA TEMP is witten by the governnment and is in accordance
w th FAA-STD-024b. The docunent details the overall test
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phi | osophy throughout the DT&E, OT&E and PAT&E test phases.

4.4.1.2 Human Factors Pl an.

The Human Factors plan is prepared by the governnment and
outlines the proposed approach and net hodol ogy to be utilized to
address human engi neering issues throughout the acquisition
cycle. This plan will drive all test and evaluation efforts
regardi ng operator performance and di splay issues.

4.4.1.3 FAA OT&E Operational and Integration Test Pl an

This plan is prepared by the governnent and is used to ensure
that the NAS requirenents are thoroughly tested. It will also
test the systemto verify that interfaces between existing NAS
systens are not degraded due to the introduction of the new
system

4.4.1.4 OT&E Shakedown Test Pl an

The OT&E Shakedown Test Plan defines the OI&E testing within the
operational environnment. This testing will also verify the
readi ness of personnel and procedures with respect to the
system

4.4.2 Contractor Test Pl ans.

The contractor will develop a series of test plans to
successfully test the systemthrough the DT&E and PAT&E test
phases.

4.4.2.1 Contractor Master Test Plan (CMIP).

The CMIP defines the overall test philosophy of the contractor

and summari zes tests required to be conducted by the contractor
in the DI&E and PAT&E test phases. It details the nethods for

i npl enmenting and controlling the various testing prograns.

4.4.2.2 Software Test Plan (STP)

The STP defines the scope of testing to be conducted at the

sof tware devel opnent level. It will provide plans for unit
tests, conputer software conponents and conputer software
configuration itenms. The testing will validate the major |ITWS
system conponents of conmuni cations, processing and control.
Additionally, this plan will define software test cases and
post - conduct analysis to determ ne the effectiveness of the GFE
(et eor ol ogi cal al gorithns).
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4.4.2.3 DI&E Factory Acceptance Test (FAT) Pl an.

The DT&E FAT Plan is prepared by the contractor and details the
pre-delivery systemtesting to be conducted by the contractor
within the their facility. This testing will be conducted on
the first article systens. This plan contains the criteria for
pass/fail of specification requirenents.

4.4.2.4 DT&E SAT Pl an.

The DT&E SAT Plan is prepared by the contractor and w |
identify the testing to be conducted at the first article site

| ocation. This plan will include the Delta DT&E test

requi renments which wll incorporate tests that were unable to be
acconplished at the contractors facility.

4.4.2.5 Production Acceptance Test & Eval uation (PAT&E) FAT
Pl an.

The PAT&E FAT Plan is prepared by the contractor and details the
t est met hodol ogy on each production unit to be conducted at the
contractor's facility. This will ensure that the production
units neet the sanme requirenents of the first article systens
previ ous test phases.

4.4.2.6 PAT&E SAT Pl an.

The PAT&E SAT Plan is prepared by the contractor and descri bes
the testing for each production unit to be conducted at the
systemdelivery sites. This will ensure that the production
units nmeet the sanme requirenents as those sent to the first
operational sites.

4.5 TEST PROGRAM RESOURCES.

This section identifies resources required to support the I TW5
t est program

4.5.1 Manpower and Trai ni ng.

The I TW5S test team i ncludes AT, AF, AND 460, ACT-320, ACT-330,
ACS- 250 and support contractor personnel. The personnel shal
receive training in the areas of multi-tasking operating
systens, conmmuni cation protocols and networks, and | TW5 specific
operations as applicable. Training will also include software,
har dwar e, system operator, configuration managenent and test

tool training. Training for the test teamw || be conpleted
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prior to the commencenent of OT&E.
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Additionally, on the job training for the OT&E test teamw || be
acqui red through discussions with the | TW5s contractor throughout
t he devel opnment and DT&E process, reading and studying various
systeminformation contained in manual s and ot her system
docunentati on. Experience will also be gained through hands-on
system operation during pre-OT&E activities. The regiona
support personnel manpower requirenents are outlined in Table
4.5 1-1.

Regi onal Airway Facilities Division Personnel Resources To Support |TW5 Test

Pl anni ng
Quantity Regi onal Support Hours by Fiscal Year
AF
1996 1997 1998 1999 2000 2001 | Tot
Hrs.
TBD New 40 80 120 160 100 100 600
Engl and
TBD Eastern 40 80 120 160 100 100 600
TBD Sout hern 40 80 120 160 100 100 600
TBD Sout hwest 40 80 120 160 100 100 600
TBD Central 40 80 120 160 100 100 600
TBD G eat 40 80 120 160 100 100 600
Lakes
TBD NW 40 80 120 160 100 100 600
Mount ai n
Tot al 280 560 840 1120 700 700 4200
Hours:

Table 4.5.1-1

4.5.2 Test Articles.

The first delivery test articles wll consist of four conplete
|OC | TWS system suites. The first site will be the FAA
Technical Center in Atlantic Cty, NJ. The second and third
sites will be located at the sinple and conplex sites which are
presently TBD. The fourth unit will be delivered to the PSF in
&l ahoma Cty, K

4.5.3 Test Sites.

Testing will be conducted at the first three facilities |isted
in section 4.5. 2.
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4.5.4 Test Support Equi pnent.

The following is a list of anticipated test equi pnent required
for the ITWS test program Table 4.5.4-1 lists the anticipated
funding to support system conmunications during the test phases.
Addi tional test equipnent may be required as the T&E program
progr esses.

- A contractor-devel oped test tool will be required to
pl ay back weat her data recorded from | TW5 i nput sensors.
This tool will be a devel opment contractor deliverable
and wil|l be used at the FAA Technical Center to devel op
and execute weather scenarios that test the I TW5
interfaces and system perfornmance.

- Protocol analyzers will be used throughout the |ITW5
testing cycle for validation, interpretation and
troubl e-shooting of the systemi s comruni cati ons.

- MT/LL algorithm devel opnent facilities wll be enhanced
to assist in offline Data Reduction and Anal ysis (DR&A)
of recorded sensor data sets.

- Atest suite at the FAA Technical Center wll be
requi red to support neteorol ogi cal data analysis of the
| TWS products and to display raw i nput data and
i nternmedi ate products for conparison to | TW5S products.
The test suite will consist of several workstations
di spl ayi ng raw sensor input and internedi ate products.
Application software to support the test suite wll be
provi ded by M T/LL.

- Communi cation lines and nodens to support integration
testing at the Technical Center. Seven dedi cated
communi cation |ines and nodens are anticipated for the
interface testing. The lines will require a m ni num of
a 9600 KBPs and T-1 rates.

- ACS support equipnent will be provided when avail abl e.
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MATERI AL RESOURCES DESCRI PTI ON
FY 96 97 98 99 2000 2001 2002 TOTAL

Line Item $K $K $K $K $K $K $K $K
Interface Comm $0 $0 $5 $25 $10 $5 $5 $50
Li nes (FAATQ)
Comm Li nes for DR&A $0 $5 $5 $10 $5 $5 $5 $35
Moderns $0 $2 $5 $5 $0 $0 $0 $12
ACT Total Material $0 $7 $15 $40 $15 $10 $10 $97
Fundi ng

Table 4.5.4-1 WMaterial Resource Funding

4.6 TEST CONFI GURATI ON MANAGEMENT.

The contractor will follow configuration nanagenent gui deli nes
in accordance with the FAA-STD 021, FAA-STD 026, FAA O der
1800. 8F, and DOD- STD- 2167A for software devel opnent. The
configuration managenment programw Il establish a Software
Configuration Control Board (SCCB). The SCCB establishes a
baseline for software requirenents, software design and

devel oped software. Any changes to the baselined requirenents
or design are submtted to the SCCB for approval. Requirenent
and design changes are submtted via an Engi neeri ng Change
Proposal (ECP).

The configuration managenent programw |l consist of FCA and
PCA. Configuration audits will be conducted by the Program
O fice or designated representatives.

The FCA is a formal exam nation of functional characteristic
test data for a configuration item prior to acceptance, to
validate that the item has achi eved the performance and
functional characteristics specified in its functional or

all ocated configuration identification. The PCAis a fornal

exam nation of the "as-built" configuration of a unit to verify

that it conforns to its technical design in order to establish
the configuration item s initial product configuration
i dentification.

45




During testing, the test teamw || be responsible for
docunenting the configuration during each phase of testing.

Test procedures and data sheets will be used to docunent any
configuration changes. Test data will be analyzed in accordance
wi th any configuration changes.

4.7 TEST PLANNI NG WORK GROUP.

The TPWG consists of representatives from ACT-320, ASD 140, ATQ
3, ATR-330, ASD 120, AQCS-250, and AND-460. The TPWG neets
periodically to discuss test related issues including TEMP

devel opnent, DEMVALs, OT&E schedules, etc. MT/LL is a current
menber and may be included in the future, as wll the

devel opment contractor. The organi zational representatives wll
provide input for test requirenments and represent their
respective organi zati ons regardi ng acceptance of test
responsibilities.

4.8 METECROLOG CAL EVALUATI ON PANEL.

A panel of independent experts will performan assessnent of

| TWS product performance. This science panel will evaluate any
changes to the algorithns that have occurred since the panel

| ast net. The panel will be ongoing and wll provide input to
test personnel and assist in resolving OT&E i ssues.

5.0 T&E PROGRAM DESCRI PTI ON.

5.1 COWPLETED DT&E/ PAT&E

There has been no DT&E/ PAT&E perforned on the I TW5. The DT&E
test phase will begin at conpletion of the TRR

5.2 COWPLETED OT&E

An i nformal DEMVAL was conducted at Orlando and Dallas in 1993.
This DEMVAL was an initial verification of the ITWS capability
to neet Air Traffic weather requirenents and produce
scientifically valid products. An independent science panel was
convened in 1993 to review the science of the | TW al gorithns.
Based on the results of the 1993 DEMWAL and Sci ence Panel
findings, the programoffice decided to proceed with a forma
DEMVAL in 1994. The Denonstration Phase OT&E ( DEMVAL) was
conducted at Olando and Menphis during the Summer of 1994. The
test reports are |isted bel ow

ACW 200 Report | TW5 Operational Test and Eval uation (OT&E)
Denonstration/ Validation at Ol ando, FL and
Dall as Fort-Wrth, TX (My- Septenber 1993),
DOT/ FAA/ CT- TNO5/ 1.
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ACW 200 Report | TW5 Denonstration/Validation Phase OT&E Fi na
Report, (Draft), February 1995.

The following are the I TWs COs and status fromthe 1994 DEWAL
The letters followng the CO indicates the corresponding COs
listed in section 3.5 of this docunent:

1. Are the | TW5 products useful during operationally
significant weather in ternms of their availability, tineliness,
and suitability for air traffic use? Are detections and false
alarmrates acceptable to users? (g,h)

Status: Partially resolved; further product suitability,
detection and fal se al arm eval uati ons required.

2. Are the | TWS products displayed with out the need for
further neteorological interpretation? 1|s the displayed
i nformati on understandable? (e,j)

St atus: Resol ved

3. Does the I TW5 reduce (perceived) controller workload during
adverse weather conditions in the term nal area? (k)

St atus: Resol ved

4. Do | TW5 products enhance the effectiveness of traffic

pl anni ng/ managenent during adverse weather conditions in the
termnal area? Are term nal airspace and runways planned for
and used nore effectively? (i)

St atus: Resol ved

5. Does the unavailability of interfacing systens/sensors
adversely affect | TW5 operations? (a,b,f)

Status: Partially Resolved; The unavailability of certain input
sensors (e.g., TDWR, LLWAS) during the DEMWAL did not preclude
the I TWS from produci ng useful products to air traffic
personnel. The systemreaction to sensor |oss and subsequent
reacqui sition of sensor input wll be evaluated during OI&E
along with the user response to sensor | o0ss.

5.3 DEMONSTRATI ON TEST & EVALUATI ON (DT&E) TESTI NG

5.3.1 DT&E Program Descri pti on.
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DT&E is conducted to assist in the engineering and devel opnent
process by determ ning the degree to which functional

engi neering specifications are addressed. DT&E includes test
and eval uation of subsystem hardware and software on full-scale
engi neeri ng nodel s.

DT&E will be conducted in accordance with FAA-STD 1810. 4B and

t he FAA approved Contractor Master Test Plan (CMIP). ACT-320
W Il be responsible for nonitoring all aspects of the | TWS DT&E
testing cycle. A design qualification test (DQI) will be
conducted and wi tnessed by the QRO or APMI to determ ne whet her
t he product can successfully achieve all specified physical,
functional and performance requirenents.

Accept ance tests and procedures that will be conducted on
production nodels will also be denonstrated. DT& will verify
that the Specification requirenents of FAA-E-XXXX are net and
that the devel oped interfaces are correctly inplenented
according to applicable IRDs. Qperational elenents of the DT&E
phase are depicted in Figure 5.3-1.

48



Figure 5.3-1 (DT&E)
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5.3.2 DT&E Factory Acceptance Testing (FAT).

As part of the DT&E effort, the contractor will plan and conduct
a DT&E FAT of the ITW5 which will be formally w tnessed by the
FAA. The DT&E FAT will verify the capability of ITW to neet
all functional, interface, and performance requirenents of FAA-
E- XXXX. DT&E FAT is conducted at the contractor's facility and
w Il be conducted by the contractor using FAA approved,
contractor test plans and procedures. The contractor is
responsible for the tinely and satisfactory conpl eti on of
testing in accordance with the I TW5 schedul e.

5.3.3 DT&E Site Acceptance Testing (SAT).

DT&E SAT is perforned by the system devel oper on the systens
delivered to each of the test sites before acceptance of the
subsystem by the FAA Contract Acceptance |Inspection (CAl). The
purpose of this testing is to ensure that the systens are
properly installed, ready for operation, and include al
necessary equipnent. This testing is nonitored by governnent
personnel .

The contractor will conduct testing of the I TW5 at each
operational facility before acceptance of the subsystem by the
FAA Contract Acceptance Inspection (CAl). SAT procedures wll
al so be validated during DT&E.

As part of DT&E SAT, Delta DT&E wi Il be conducted by the
contractor at the FAA Technical Center. This wll test the
interfaces which were not available at the contractor's facility
and exi st within the FAA Technical Center.

5.3.4 Devel opnent Contractor Test Docunentati on.

The devel opnent contractor will prepare a CMIP i n accordance
with the Data |Item Description (DID) and Contract Data
Requirenents List (CDRL) specified in the SON This CMIP
provides information that pertains strictly to DI&E, PAT&E, FAT
and SAT testing. This docunent will show traceability to the

| TW5 specification and VRTM Additionally, the contractor wl|
devel op and have FAA approval of FAT/ SAT plans for the first
article delivery. These plans/procedures wll have pass/fali
criteria for each of the requirenents tested.

The CMIP w || be devel oped fromthe DT& and PAT&E test
requirenents stated in the Quality Assurance section of the FAA-
E- XXXX and the SON The CMIP will be updated as required

t hroughout the contract to reflect any ECPs and/or contract

nmodi fications that alter the testing program DT&E test plans
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will be prepared in accordance with the DI Ds and CDRLs specified
in the SOW

5.3.5 Governnment Responsibilities.

The governnent will prepare the | TWS Specification (FAA-E- XXXX),
SOW and TEMP docunents. The TEMP will contain the VRTM and the
VRTMwi || contain the | TW5 requirements specified in NAS-SS-1000
Vol unes | -V.

Presently, the I TW5 specification is not baselined. Wen
baselined the VRTMw || be updated to nmap the specification
requi renments to the NAS requirenents. The revised VRTMw || be
submtted for TPRC approval

This VRTMw || be used to ensure that the prime contractor tests
the sanme set of requirenents upon which the system was desi gned.
The governnent will identify CPPs, COs and Exit Criteria (see
section 3.4.1, 3.5 and 3.4.2, respectively) that will be used to
transition the | TWs from DT&E to OT&E and OT&E to KDP-4. OCD

will not be perfornmed on the | TW5.

5.4 PRODUCTI ON ACCEPTANCE TEST & EVALUATI ON TESTI NG ( PAT&E)

The contractor will conduct PAT&E on each production unit to
verify that the product confornms with all provisions of the
contract and neets the stated requirenents. The tests shall be
conducted in accordance wth the FAA approved PAT&E test pl ans
and procedures. The Technical On-site Representative will also
be involved with this test phase to assist in maintaining the
facility data reference file and to insure user readiness for
systemsell off. Operational elenents of the PAT&E phase are
depicted in Figure 5.4-1.

5.4.1 PAT&E Factory Acceptance Testing (PAT&E FAT).

During PAT&E, FAT is conducted by the contractor at their
factory for each delivered itemto verify that it confornms to
appl i cabl e specifications and requirenents. A limted subset of
DT&E FAT requirenents will be perforned on each PAT&E article.
Successful conpletion of PAT&E FAT represents a partial FAA
acceptance of the production article.

5.4.2 PAT&E Site Acceptance Testing (PAT&E SAT).

SAT testing is conducted to verify the effective installation of
the ITWs into each facility and to verify the suitability of the
systemfor field shakedown testing and AT operations.
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Figure 5.4-1 (PAT&E)
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5.5 OT&E TESTI NG

OT&E integration and operational testing will be conducted
concurrently. \Where possible, Shakedown testing wll be
conducted with OT&E Integration and Operational Testing.

The OT&E integration test environnment will include the FAA
Technical Center for initial interface integration testing,
followed by testing in air traffic operational environnents.
ACT-320 will devel op the OT&E Test Pl ans and Procedures in
accordance wth FAA O der 1810.4B and FAA- STD-024b. These Pl ans
and Procedures wll present each requirenent with pass/fai
criteria.

AT and AF personnel will be actively involved in the hands-on
eval uation of the I TWS equi pnent. The OT&E wi Il be conducted
primarily in an operational environnment to eval uate the
effectiveness and suitability of the I TW5 into the NAS.

The pl anned approach for resolution of COs during OT&E is
presented in section 3.5. Test limtations that nay inpact the
resolution of the COs and inpede the | TW OI&E testing are | TW5
dependenci es on other systens for input data and the absence of
hazar dous weat her phenonena. The CPPs found in section 3.4.1
wll be tested in accordance with the VRTM found in Section 7 of
t hi s docunent.

The OT&E testing will be perfornmed in the follow ng three
phases:

Phase 1: Interface/lntegration Facility; (FAA Technica
Center, Atlantic GCty, NJ);

Phase 2: Qperational Site; sinple site (TBD);
Phase 3: Qperational Site; conplex site (TBD).

Thi s phased approach ensures a structured net hodol ogy for

exam ning and resolving COs and OT&E requirenents.

Additionally, it provides a framework that requires verification
of the systemhas net the exit criteria and can proceed into the
next phase. Operational elenents of OT&E are depicted in Figure
5.5-1.
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Figure 5.5-1 (OT&E El enents)
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5.5.1 OT&E Integration Testing.

OT&E Integration consists of testing the NAS system end-to-end
performance. The ITW5 VRTM lists the requirenents fromthe NAS-
SS- 1000 Volunes 1-V, that will be tested throughout the test
phases.

5.5.1.1 OT&E Integration Test Program

This testing will ensure the successful integration of NAS
systens, subsystens, and end-to-end performance requirenents.
The subsystens will be tested in a NAS system equi val ent
environment. The ultimate goal of integration testing is to
ensure that the new systenmls end-to-end performance does not
adversely inpact operational NAS systens or subsystens and that
system perfornmance achi eves the goals.

The OT&E integration testing wll verify the conmuni cation

| ayers in accordance with the appropriate |1SO standard for each
of the ITWS interfaces. Additionally, this methodol ogy wll
confirmthat each of these interfaces are in conformance with
the applicable IRDs and | CDs before the testing of the
appl i cations software begin.

ACT-320 wi Il provide the nmethodol ogy for testing the ADAS,

LLWAS, TDWR, NEXRAD and other ITWS interfaces. This will be
conpl eted either through actual connection or sinulation. After
i ndi vidual interface testing has been conpleted, testing with
multiple interfaces will be conducted.
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5.5.1.1.1 Phase 1 - OT&E Integration Testing.

The purpose of the interface/integration facility testing is to
mtigate interface problens before they are encountered in an
operational environnment. This testing will utilize the interfaces
avai l able within the FAA Technical Center. Limted operational
testing will also be conducted at this facility by using real-tine
data acquired fromoperational sensors located at the Atlantic Gty
I nternational (ACY) and Phil adel phia International (PHL) airport
facilities. The inpact of sensor input loss to the ITW and to ATC
personnel will be initially assessed. RMS integration testing wll
al so be addressed during this phase. Refer to the
interface/integration facility configuration diagram Figure
5.5.1.1.1-1.

Sensor | nputs FAATC System User
ASR-9
FAA Technical Center
Aviation Weather Development
LItAS TT Laboratory
ITWS Product
Generator DLP
NEXRAD| (|me— —
TDWR
5D RBDT
ADAS
RMS
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5.5.1.1.2 Phase 2 - OT&E Integration Testing.

The OT&E Integration testing wll be conducted in an air
traffic operational facility. Sinple site testing,
currently TBD, will assess interface functionality within
an air traffic environnment. This will verify the |ITW
capability of interfacing with all designed systeminputs.
This configuration will include a single input from each
of the ITW5 interfaces. Refer to the sinple site
configuration diagramexanple in Figure 5.5.1.1.2-1. OT&E
operational testing will also be conducted at this

facility.
Sensor | nputs
ATCT
TDWR
sD
RBDT
ASR-9 TRACON
LLWAS [TWS Product
Generator TMU/CWSU
sD
NEXRAD REDT
sD
RBOT
ADAS
NMC External
Port

Figure 5.5.1.1.2-1
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5.5.1.1.3 Phase 3 - OT&E Integration Testing.

The conplex site, currently TBD, will be conducted in an

air traffic operational facility. It is analogous to the
sinple site testing wwth the exception that the conpl ex
site will ingest inputs frommultiple radars and airports.

Refer to the conplex configuration diagramexanple in
Figure 5.5.1.1.3-1. OT&E operational testing will also be
conducted at this facility.

Sensor | nputs System Qut put s
ATCT
TDWR
— SP RBDT
:I_|
TRACON
|| | ASR-9 TRACON
_jl_l
ITWS Product SD RBDT
LLWAS Generator
ATCT
NEXRAD
sD
SD RBDT RBDT
ADAS
TMU/CWSU
NMC
sD
External RBDT
Port
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5.5.1.2 Schedul e.

Refer to the Integrated Schedul e in Appendi x B.

5.5.1.3 Key Sites: Anticipated OT&E integration
test sites.

1. FAA Technical Center, Atlantic Gty, NIJ;
2. sinple site, TBD
3. conplex site, TBD

5.5.1.4 Trai ning.

AT and AF personnel participating in DI& OT&E w | |
require training on the I'TW5 prior to utilizing the
products and participating in evaluations. Training
wi |l be devel oped by the contractor in accordance
with the ternms of the SON The AT personnel wl|
also require training on the ITW5 in preparation for
the 1995 and 1996 testing. Additional training
requi renents are defined in section 4.5.1 of this
docunent .

5.5.1.5 Personnel.

The followi ng personnel will be required to prepare
for and conduct testing:

1. ACT-320 will provide test engi neers, neteorol ogists
support and Human Factor personnel to devel op pl ans,
procedures and reports, and conduct testing. Personnel
requi renents and estimated costs are presented in
paragraph 4.3. Additionally, ACT-320 will require
pl anni ng support to assist the Program Ofice in
mai nt ai ni ng a wor kabl e schedule and will track action
itens and record proceedings of the Test Schedul e Status
Revi ews (TSSR).

2. ACT-330 will provide test engineers to draft plans,
procedures, conduct testing and draft reports. Budgeting,
staffing and training test personnel will be the
responsi bility of ACT-330.

3. AGCS-250 personnel requirenents are defined in section
5.5.3.3.

4. AT personnel will provide trained operators to participate

in the operational test environnent to eval uate the
effectiveness and suitability of the | TWS.
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5. AF regional technicians will be required for system and
mai nt enance support. A Menorandum of Agreenent (MOA) will
be prepared and coordi nat ed.

6. Prinme contractor support for OT&E is defined within the
SOWand will occur prior to software devel opnent
conpl eti on.

5.5.2 OT&E (Operational Testing.

The foll ow ng sections describe the OT&E Operati ona
Test Programthat wll verify the operational
effectiveness and suitability of ITW5 to fulfill its
NAS m ssion fromboth an AT and AF perspective.

Key sites, training and personnel are simlar to
t hose described in the DT&E activities described in
section 5.5.1.

Operational elenments of OT&E are depicted in Figure
5.5-1. Each of the elenents conprising the OT&E
integration testing is defined in subsections a - j.

a. Reliability.

The reliability programw |l be in accordance with ML-
STD-785 and will ensure that the reliability requirenents
fromthe FAA-E- XXXX and SOW are satisfied. Reliability
shal | denonstrated during OT&E integration. ACT-320 wll
verify that the I TWs neets all reliability requirenents.

b. Availability.

The ITWs will be tested to verify that the system neets

the availability requirenents fromthe FAA-E-XXXX and SOW
The availability of the systeminterfaces wll also be
exam ned to determne the availability of the sensor
inputs. This will indicate availability of each |ITWS

pr oduct .

c. Degraded QOperations.

Degr aded operations will be addressed by renoving various
sensor inputs to the I'TWs to assess the resulting
operational inpact. This will exam ne the systens ability
to function under abnormal operational conditions.

d. Stress and NAS Loadi ng.
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The | TW5S systemw || be tested beyond VRTM capacity
requirenents to verify that system performance does not
becone degraded. Additionally, this wll verify that
under this condition, the systemw || not require further
operator assistance to maintain the systemin an
operational state.

e. Human Fact ors.

Human Factors will assess end users performance in
conducting tasks and human engi neering i ssues associ ated
with the system Additionally, user workload will be
eval uated to for effects on efficiency, productivity and
safety.

f. Safety.

The | TW5 safety programw |l be in accordance with ML-
STD-882C and the | TW5 SOW

g. Mintainability.

The maintainability programw ||l be in accordance with

M L-STD- 470 and will ensure that the requirenents
presented in FAA-E- XXXX and the SOWare satisfied. These
requirenents include the ability of the maintenance
personnel to diagnose systemfaults and perform checkout
procedures in accordance with the I TW5 nai nt enance
docunent ati on.

h. Site-Adaptation Data.

OT&E will verify the systemwith a variety of site
adapt ati on paraneters. System perfornmance should not be
i npacted by the altering of system paraneters.

i. Security.

The | TW5 systemw || conply with the security requirenents
i ndicated within the FAA-E- XXXX and SOW

J]. Transition Sw tchover.

The 1TWs will be evaluated to determne the ability of
removi ng the system w t hout degradation to the NAS

envi ronment . This will neasured in ternms of maintenance
of conmmuni cations and data availability.
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5.5.2.1 OQperational Test Site Locations.

| TW6 OT&E test sites were selected in different
regions of the United States to offer a range of

weat her phenonena. This will ensure that the ITWS is
eval uated in various weather data processing
capacities. Additionally, the sites sel ected consi st
of both sinple and nultiple sensor configurations.
These configurations are delineated by area of
coverage for a single or nultiple airports. The
sinple site configuration wll provide single radar
sensor inputs while a conplex site configuration wll
have nmultiple radar inputs. Refer to section 5.5.1.1
for site configurations.

5.5.2.2 OT&E Operational Risks That May Adversely
| npact Test Conpl eti on.

1. The ITW5 capabilities need to be tested with
controlled input data in order to vary the | oading
conditions and mnimze testing tine. It is planned to
have this data provided to I TWs via a test tool. This
test tool will utilize weather data recorded from around
the country over a prolonged period of tine. Even with
convective weather conditions, this weather data nay be
insufficient to provide the input data intensity required
to test the I TWS past its critical performance threshol ds.

2. Although the schedule allows tinme to collect weather
data, due to the inability to control weather phenonena,
sufficient data nmay not be collected within the tinme
allotted. Therefore, testing delays nmay be incurred.

3. Delays in the TDWR install ation schedul e may adversely
i npact the | TWS OT&E schedul e.

5.5.2.3 Schedul e.

See integrated schedul e i n Appendi x B.
5.5.3 OT&E Shakedown.

OT&E Shakedown Testing will determ ne the overal
readi ness of the | TW5 through the exercising of the
systemin an operational environnment to support
determ nation that the systemis ready for ful
operation as part of the National Airspace System
(NAS). This will include testing to confirmthat
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when the I TW5 i s operated and mai ntai ned by

oper ati onal personnel in an operational environnent,
all requirenments are net (see Figure 5.5-1.).
Shakedown testing will verify the effectiveness,
suitability, maintainability, supportability, and
integration requirenents of the system

Ef fectiveness will assess the systenmis ability to
provide reliable service for consistent product
delivery under nultiple operational conditions.
Suitability will asses the system products and
user/systemtransactions. Mintainability wll
assess the ease of maintaining the systemthroughout
t he operational/non-operational states and to assess
the system capabilities of displaying system statuses
to the operator. Supportability will ensure that the
systeml s hardware and software is capable of being
mai ntai ned wth the given docunentation and training.

Systemintegration testing will assess the | TW5
operation and determ ne any negative inpact on the
existing air traffic control. Testing will include
an assessnment of the external inputs to the I TWS

whi ch include the systens as shown in Figure 3.2.1-1.

5.5.3.1 OT&E Shakedown O gani zati ons.

Shakedown testing will be conducted by AGCS-250 at an
operational site. The actual performance of the
shakedown tests will be by AT personnel and regional
mai nt enance technicians who wll use the services
provided by the ' TW5 and who will have the

mai nt enance responsibility for the selected test
sites.

5.5.3.2 OT&E Shakedown Preparation

ACS- 250 wi Il devel op the OT&E Shakedown Test Pl an and
Procedures in accordance with FAA Order 1810. 4B and
FAA- STD- 0248B.

5.5.3.3 OT&E Shakedown Personnel and Trai ni ng.

The followi ng personnel will be required to prepare
for and conduct OT&E Shakedown testing.

a. ACS- 250 hardware and software engineers will devel op
the | TWS Shakedown Test Plan and Procedures, prepare
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reports, and conduct testing.

b. Regi onal technicians will be required for system and
mai nt enance support of the system The AGCS- 250
shakedown test director will coordinate this effort
with the region.

C. ACS- 250 neteorol ogists will provide analysis of the
met eor ol ogi cal performance of the | TWS al gorithms.

5.5.3.4 Trai ning.

AT personnel participating in shakedown testing wl|l
require training on the I'TWs prior to utilizing the
products and participating in evaluations. Regional
mai nt enance technicians as well as AGCS- 250 engi neers
participating in shakedown testing will require
system mai nt enance training on the I TW5 prior to
system del i very and shakedown testing. Both areas of
training wll be devel oped by the contractor in
accordance wth the | TW5 SOWN

5.5.3.5 OT&E Shakedown Test | npl enentation

Shakedown testing will be conducted in two phases:
Phase 1: Sinple Operational Site
Phase 2: Conplex Operational Site

The sinple site configuration will provide single
radar sensor inputs (see Figure 5.5.1.1.2-1) while a
conplex site configuration will have multiple radar
inputs (see Figure 5.5.1.1.3-1).

Shakedown testing at the sinple site configuration
will include all elenents of validation and
verification as shown in Figure 5.5-1. Shakedown
testing at the conplex site configuration wll be
centered around validating and verifying system
integration of the nmultiple radar inputs.

Del ays in the TDWR and NEXRAD i nstallation schedul es

naK adversely inpact the | TWS Shakedown Test
schedul e.
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6.0 ACRONYM5S AND GLOSSARY.

ACF Area Control Facility

ADAS ASOS/ AWOS Data Acqui sition System

ADCCP Advanced Data Communi cati on Contr ol

Pr ocedur es

AF Airway Facilities

AGL Above G ound Level

Al'V Avi ation | npact Variable

ALDARS Aut omat ed Li ghtning Detection and Reporting
System

AP Anomal ous Propagation

APME Associ ate Program Manager for

Engi neeri ng

APMQ Associ ate Program Manager for Quality

APMI Associ ate Program Manager for Test

ASCS Aut omat ed Surface Cbserving System

ASR Airport Surveillance Radar

ATC Air Traffic Control

ATl S Aut omated Term nal Information System

ATR Air Traffic Plans & Requirenents

Service

AVOS Aut omat ed Weat her Cbservi ng System

AWP Avi ation Wat her Products

CAB Configuration Control Board

CAl Contract Acceptance |nspection

CDR Critical Design Review

CDRL Contract Data Requirenents List

CMIrP Contractor's Master Test Plan

CPP Critical Performance Paraneters

ca Critical Operational |ssues

COTS Commerci al - O f - The- Shel f

DCE Dat a Communi cati ons Equi prnent

DEMVAL Denonstration/ Val i dation

DFW Dal | as-Fort Worth International

Ai rport

DI D Data |Item Descri ption

DLP Dat a Li nk Processor

DQr Design Qualification Test

DRR Depl oynment Readi ness Revi ew

DTE Data Term nati ng Equi pnent
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DT&E

Devel opment Test and Eval uation

EXCOM Executive Commttee
FAA Federal Aviation Adm nistration
FAATC Federal Aviation Adm nistration
Techni cal Center
FAATG Federal Aviation Adm nistration
Tel ecomruni cati ons Gat eway
FAT Factory Acceptance Testing
FCA Functional Configuration Audit
FSD Ful | Scal e Devel opnent
GFE Gover nment Fur ni shed Equi prent
GHl Gover nnent Furni shed I nformation
| C&A Initial Checkout and Acceptance
| CD I nterface Control Docunents
| CDDT Interface Control Docunent Database
Devel opment Tool | MCS I nterimMonitor Control
Sof t war e
| OC Initial Operational Capability
| OT&E | ndependent Operational Testing and

Eval uati on
| RD

| SO

| PT

| TW5

KDP

LLWAS

MCF

MCO

MDCRS

I nterface Requirenent Docunents

I nternational Standards Organization
| nt egrated Product Team

I ntegrated Term nal Weat her System
Key Deci si on Poi nt

Low Level Wnd Shear Alert System
Metropl ex Control Facility

Ol ando International Airport

Met eor ol ogi cal Data Col |l ection and

Reporting System

VEM
M T/ LL

MACPR
MNS
MOA
MPS
MIBF
NAS
NCP
NEXRAD
NG

Menphis I nternational Airport
Massachusetts Institute of Technol ogy
Li ncol n Laboratory

M ni mum Accept abl e Operati onal Requirenents
M ssi on Need Stat enent

Menor andum of Agr eenent

Mai nt enance Processor Subsystem

Mean Ti me Between Failure

Nat i onal Airspace System

NAS Change Proposal

Next GCeneration Wather Radar

Nat i onal Weat her Service
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NWETG Nat i onal Wat her Servi ce Tel econmuni cati ons

Gat eway

oCD Operational Capability Denonstration
ORD Oper ati onal Requirenments Docunent
ORD Oper ati onal Readi ness Denpnstration
oSl Open System | nterconnection

OT&E Oper ational Test and Eval uation
PAT&E Production Acceptance Test and Eval uati on
PCA Physi cal Configuration Audit

PD Program Directive

PDR Prelimnary Design Review

PM Pr ogr am Manager

Pl P Program | npl enent ati on Pl an

PSF Program Support Facility

PSN Packet Sw tching Network

PUP Princi ple User Processor

QRO Quality Reliability Oficer

RBDT Ri bbon Di splay Term nal

RPG Radar Product Cenerator

RVMVS Renot e Mai nt enance Monitoring System
RMVS Renot e Monitoring Subsystem

SAT Site Acceptance Testing

SAV State of Atnosphere Variable

SD Situation D spl ay

SOwW St atenent of Work

STD St andard

STP Sof tware Test Pl an

T&E Test and Eval uation

TBD To Be Determ ned

TCCC Tower Control Conputer Conpl ex

TDWR Ter m nal Doppl er Weat her Radar

TEMP Test and Eval uation Master Pl an

TPRC Test Policy Review Commttee

TPWG Test Pl anni ng Work Group

TRACON Term nal Radar Approach Control facility
TRR Test Readi ness Revi ew

TSSR Test Schedul e Status Revi ews

VRTM Verification Requirenments Traceability
Mat ri x

WO Worl d Met eorol ogi cal Organi zation
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7.0 VERI FI CATI ON REQUI REMENTS TRACEABI LI TY MATRI X.

Due to changing | TW5 requirenents and interface
designs, the VRTMis being updated. The VRTM
tenplate in Appendi x A denotes the format in which
the requirenments will be presented.

Presently, the I TW5 specification is not baselined.
When baselined the VRTMw || be updated to map the
specification requirenents to the NAS requirenents.
The revised VRTMw || be submtted for TPRC approval.

8.0 | NDEPENDENT OPERATI ONAL TEST AND EVALUATI ON
OVERSI GHT.

TBD
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APPENDI X A - VRTM

Refer to section 7.



APPENDI X B - SCHEDULE




